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^ ab^i^'iv; a e a c > a b > a e ©Mftiifct 

^Sa b^«t^- * ^S^tST-ScSca a c < a b < a e <0M^*St/c-t" 

•K aeiJi^ab^ I a e -a b l/a b Xl 00^0. 3 %«>KI«£S5 
liff^JI 4] a eiJif/'a I a e -a b I /a b>< 1 0 0^0. 1 

%<7)m&%m tz-t. if ^3 tzmmw^r- nm&^j Y?>y*9 0 

Im^m 5] ^ t- n^^/s 7h7> yX * 7^ 5-^7? ^1T^ 
*) , abi)^a c ^ I ab~a c l/a c xi00^0. 3 %^B8«ii^ 

[Iff 6] abi5Wa c ^\ I ab-a c l/a c xi00^0. 1 

[ft 3^ 71 ^T- n^-^/sv^ 5h7>yX^ tfa 9T v 7°m-?& 
*K ac^i^ab^ I a c -ab l/a b xi00^0. 3%<7)M^^if^ 

[W^t*! 8] a cfci^ab^ I a c -a b I /a bX 1 0 0^0. 1 
19. a b &<fc£Ka e ^\ I a b -a e l/a e Xl00^0. 3 %<Dm&*W\tz 
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# m 2 0 0 2 - 3 1 6 0 1 1 ^- v* : 2/ 

10] a b *3 * ^ a e I a b -a e I /a e X 1 0 0^0. 

[It^l 1] I nG a P/G a A s ^-r n^^fljffl Lfc, 1 - 

1 0 <7>v^-f tL^tzffifcc7)^7-n^-^/s^ ^ F7>y^^ 

[ffi^l 2] InP/I nGaAs^fnfif^jfflLjt, If ^ 1 - 
1 0OV^-ftL^Hf£^<7)/\xn^^y^^^-9 h^>v^^o 

[0 0 0 1 ] 

[0 0 0 2] 

[^*0^#f] 

[0 0 0 3] 

7 -7*>U ^X-m^h X o tzi^WiHim B t HifE L HBT CgSU: 

*^0*ft*«gC:-5 £ <h#% 0 , H B T<7)lf ^<7)|Sl±(i*fc+^T'(±^v^ 0 
[0 0 0 4] 

Z(D^mmt Itli, A 1 G a A s/G aAs HBTOGaAs^ 
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mmm<Di&T, z>^^xumm^i&Tim< zt-h^*.hnx^h 0 

[0 0 0 5] 

-t&w^tmtthiiimttzit vm<7)jtm £ m^-t &zt ^is £ n x v » * (# 

a £ iff A s HJt^TJ^^S^iv^jftft, WAtfl nJ^(iSb^K-A' 
[0 0 0 6] 

<r>it&%*:i&f&.'r&z£$:mmL'3^ ^<-xm<vm.*mffi-fz>zttfx£, z 

tiizX l)HBTO«itt(7)|pl±^iotv^o 
[0 0 0 7] 

^tm2oin i bzm-tzmnmmzm&vzt) 0 ae^tj:^:, ««h 

BT 6 0 0 Kjs^Tli, #^f14G a Aslt6 0 1 <7)±(C i - G a A s £ tz 
lii-AlGaAs^-;77|6 0 2, S i £ K- 7 Ltz n - G a A s 3 1/ 
^^16 0 3, C&XZ/MgZ K-tf>^*L^p-Ga As^-^16 0 4, S 
i £ K- \£y?Ltz n - A 1 G a A s i^:(in- I nGaPx5^|6 0 5, 
£ i S i fcffiiftKK K-k t >rL^n+-GaAsi^7^ + t77 P i6 0 6 

^\ ^^^ + v-v;w^:ft^J; 0WI^»/i$tLr^$tL-cv^ o n + -G 

aAs-^y^^-y 7°/S 606, n - A 1 G a A s £ tzi* n - I n G a P J- ^ 
y*JB605i3J:O f p-GaA s^-*/f6 0 4 F7^x 7 f>^L, n 

+ -GaAsi57^t^i6 0 6 (7)±CiiWS ix^ 7 6 0 9 
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n-GaAs3U^f6 0 3 <7)±i:iiN i /A u G e/A u 3 V>7 tnMb 0 
7ri 5 \ p-G a A s-^-X/i6 0 4<7)±H(iT i /P t/Au^-Xf|6 0 8 
ri s ^ft^*UM£*lT^& 0 ;wHBT6 0 0U, i^'^IWn-AlG 
a A s -ei)^f^i:iiA 1 G a A s/G a A s H B TTrab 0 % *Jt*t# 
A s n-InGaPxv> ?mT&Z>m&^l$ I n G a P/G a A s H B T"Cab 
&<> InGaP/GaAs HBTIi, A 1 GaAs/GaAs HBTHJfc^ 

[0 0 0 8] 

[#!*:£$£ i ] 

JRfBB¥6 -3 7 1 0 

[#i«c« 2] 

#^2000-323491 
1 ] 

H. Sugahara, ^3%, r^^MfD^ fitz^-X *^1rZ> A 1 G a A s /G 
a A s ^7- n^^/s *'-7h7> * <7)a:« $ If $H14 (IMPROVED RELIA 
BILITY OF A 1 GaAs/GaAs HETEROJUNCTION BIPOLAR TRANSISTORS WITH A STRAIN-R 
ELAXED BASE) J , IEEE GaAs IC Symposium Technical Digest, 1 9 9 3^, p 
. 115-118 

imWft, [C V—~7 I n G a P/G a A s H B T OflHteJ , 

1 9 9 7 ^mi-m mmm¥&&frk£mmsrtcm, mirmmmm^, 1997 

SA-8-1, p474-475 
[#N#ft»3] 

Sandeep R. Bahl, ^5^, [I nGaP/GaAs^f n|^q /f _ 5 
h7>y^^(7)iitiS (Reliability Investigation of InGaP/GaAs Hetero 
junction Bipolar Transistor) J , International Electron Devices Meeting 
Digest, 1 9 9 5f, p. 815-818 
[0 0 0 9] 

[ftwm^k lxo t-t& mm] 
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5/ 



[0 0 10] 

CCiitI n, S b t /diMgf <7)xt^ K- t? >^L^-XJf{i 
.In, S b ifdiMgf WSf K-tf>^L^v^-7fi l) ^> K7^fx 7 

[00 11] 
[0 0 12] 

mm * ffiik-t h tz tb <d 



55*, L liflMfrl$|BK Af±5e&, Eattillfti^i^- (eV) , k litfOW;/ 

-?>mm.. T(±«*ti&j£ (k) -c&& 0 «^#^£^t. m^mmm, hb 




( i ) 
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T«itO^HF B 1MTTF (Mean Time To Failure) (h) KittfrUffi 
JST (K) liHBT^filTj CC) £&*tfijgi::&3f Ltz i> (D-?$>2> 0 ft 

HBTr*(i3i/^^ioiajtwtfx.f)!ii-& 0 ^raanc&^-c^fijtT 

j (°C) (±, J^T<7>:£ (2) KJ: & 0 
[ft 2] 

Tj=Ts + RxP - - ■ (2) 

5Sf», T s JiSRifcifiJK (SfcliJSHiOK) CC) , RliHBTOi® CC/W 
) , PfiHBTtC^L^S^ (W) (EP*>, 3 .^F^lBEVc 
e (V) tnl/^^HIc (A) tco«) 
[0 0 13] 

»»5eU iiCMTTFWtlrtl), ffitttCiagT j <7>&ifc£ £ o T I/- * 
[0 0 14] 
[0 0 15] 

*f&HJ§^li> HBTOlo^JtLt, ^-XfCC^?: K-Vf >**L£* 
SrEfc^T, i6i:^t^HBT6 0 0 ^ Pl^^Wig ^ ^"T ^> I n G a P/G 
a As HBT (a) Zftm U ^^fi«T j ££j 2 7 0 - 2 9 0 'C^fEHT'M 

? * WO^ffi Vce = 3. 0 V. i3 «fc tfWatapJK J c-50kA/cm2^ 
U: a fit, Hf)^MTTFWf-? (t>^t:N=10) £TU-^ 
xynyhLT. */hn*feUJ: «9 E'Jf HIS (a) dOi&m&ia 7 Htf 

■to (a) (DM£frh^frtzifcmk^*^*f-l±%)0. 7eVT**o/; 0 

[0 0 16] 
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^ti^o #)x.<2\ ^-X*ICC£ K-kf>**L£ I nG a P/G a A s H 
BT (a) t|sli«^ninGaP/GaAs HBT^\^0. 7e 

<ozt) o 

[0 0 17] 

6WHBT6 0 0 LmffiOffimzm-rZ I nG a P/G a A s HBT (b 

) <nmni$.&xk<?>mm*:mm-t&z.bizx vmffli (t>) *ntz (^w^(±, # 

H^-tirT^i-o @7*#BB.LT, ^-^SCCW** K-t°>^L/:HBT (a 
) OfifH (a) £<0i>^ ^-xmiiZC&XIfMgZ h*-\£>VLtzKBT (b) 
^ES (b) (DtentfJi-ftbzi/y h LX&t), £>&fiJt ^istt&MT T F (iiifln 

HBTOi^i, ^ - X 1 1: C ^ K - t° > ^* L i H M ^'T 
*I£/6 ? ;b^&o L^L&^<b, HBT (b) Co^t, tt*§L (b) <7)M^^ib^ 
^ti^mt-^^-ti, HBT (a) tmmzfoO. 7eVC*»), UK 
fit) & f@S fill <b *i & ^ o 7t o 
[0 0 18] 

ttz, ^-Xli:Ct:iIlx.t I nifziiS b £ K-e>^L/:HBTi:o^t 

g^K-^/^'U:HBT (b) £ |5j^*^/H#^-0>£o #ijx.(i\ ^-x 
iCCiSitlfln^K-tf^^L^AlGaAs/GaAs HBT^\ HBT 

(b) (Dm&tizimmiz, ^-xicco^^- K-t°>^L£f#-g-j: ^ 4>m$T 
^znx^z> m*- ismmxffi i * # is o ^ <h ) 0 

[0 0 19] 

IC, ^-XfCCW^^K-t^^L^I nGaP/GaAs HBT (c 
) ^m^tt^O^^: (jim^ft :i^7?-nl/^ f?5<0SJ± V c e = 2 . 
4-2. 5V, fsXr/mit^m. Jc = 60kA/cm2) ^H^^tLTV^ ( 
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mmi:ffi2(nm4zmm<vzt) 0 c^^e^ ( c ) ^ L-cumcf^T 

^"To HBT (c) T(±, ^-xiCC^^K-ti^^L, M^fgr^Ut&J: 

fc^KfEKLfcHBT (a) HJt^T, &£?SJt H-fctt&MT T F^tf* LTv* 

^^'-^IvCtlill (c) <7)i^^|vC^|;l*Lti5^ C<7>C 
^(ij&SffilJT-cT)^^ (MTTF) <D]i3:ZftfiK£^^tfrbi>mffi£ti£7 0 m*. 
f£\ f ^fiJtT j ^2 4 0 "C-e^l. t i<7)f ^ (MTTF) (2, ft 0 . 7 e 
•/S14ft:^^^^-^^-i-^)HBT (b) -C(2*tJ3 X 1 0 3||f B K^^W(:^Lt 
, #}2. 0 e Vcommt^-^^^-^m-t^nBT (c) tlia4xi0 4 Hri 
T*l9 N HBT (b) ^10fe«h^ot^o 
[0 0 2 0] 

^03#(2> HBT (c) OHIMWfJfl^HBT f t:HBT (a 
LT^ffl^ttrv^C (i/:liBe) ^iPx.T, 1til<7>7nSt£ K- tf > ^ L & < T 
&vvfg:rMtc^t&HBT<7>#ifr£:R< -Ci. H B T<D\n ilKtt £ fn]±. £ & CI <h 
[0 0 2 1 J 

L^L&75 ? f>, InGaP/GaAs HBTCPIotlt^t^ ^(Dfe^ 
ik^^)V¥-(Dm.&U* Xh*) , HBT (c) ^HBT (a) HBT (b) 

feio f ^(7)jt!i^^tLTv^HBT<7)rS-i4'fti^;v^- (#m^fi^m3 £# 

[0 0 2 2] 

*%m%te, HBTo^fmi4^f6i±$^-?)^<, mmt-^^^^-izm^ 

[0 0 2 3] 
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/^*-7f7>yX^ (HBT) t$)ot, n ?JS<Ot&T-^C a c , ^- 
XiW^fgta h&£Zf^< v tmofettWLa 6 t5n a c >a b >a 
t£££(ia c < a b < a e ^miZZM tcfH. B T^l"Mt£ ti& 0 
[0 0 2 4] 



j£S (ft^MKtt^£**v*MKfi) <h # fcigt&tttN (ooi) ffi 

WSU, -9->7>;i.£?#& 0 M^-xgc7)MI¥(i3 0 0 0 Aii" 

£o X*£[fi]#T££e£ffi^T, +h>7°;K7) (0 0 4) I07 7 7^p0 

t SS±i:M $ * Jf O fcf- 7 ^Jt# ? ?# £> 0 - ft <b#<b ft£ if - 

##>£M^-XJi<7)k:-*;fcjg0 £ffi^T, (2dsin0 = nA 

dlit&^Se^ Alifflv^cX^tl, nlig#y& (1, 2, 3 • • • 
) ) d: lOM^-xmcOfe^Tzmd fl^^l^-^iO^^td?: 
, HBTO^-^i^glta b tfz, H 

BT^nvnW^ta c J: C/-*- ^ v ^m^m^mWia e K-^T&R 

m iz l r fflij^-t ^:^ s tHo x liugffi n ti , -7 * y 7°x k x ^hjw^ 

B (4^ B H B ; ty^n^-?#|) I^MPDl 8 8 0HR (AITX«I CuK 
alt) =Srfflv^C:t^"C§^ 0 
[0 0 2 5] 

iot, **WtJ:ii{f, a c , a b & J: V s a e <DW&t*m%HzmiR-t& Z t 
{CctO, fi£3fc<fc ») ^>7C^^?S-mt:i^^4 r -*#x.^HBT7i^^^tL, CtUl 
«fc »K HBT»j|^ («t iJiMffldiMTTF) £t£5lSJ: <9 &3i£f;jf-f £ £ ^T*# & 
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[0 0 2 61 

ttz. *§§0^t;J:*Ui\ H6 ^#BSL-ri^L7t^3R(7)HBT<7)ct ^ 
[0 0 2 7] 
[0 0 2 8] 

. Ut L < fi2K.W, 0 . 3 %MT\ «Fi L < f±ift 0 . 1 %WTt*4, t&T-^ 

m kt« tcfie-r ^ * ot&T-se^offl-ei^ l tzm. * ^frmmu Lfzi><DZmn 0 

[0 0 2 9] 

«fc <0 A#fi^C(2, (#|&l?iOHBTliv*fc>*9>*J^ > 9 T y <fc V s a V ? 

^•Uiti-^i^ * *J»0»^fiE£-J*s (%) (BP*,, I a e -a b l/a b x 
10 0) *%0. 3%J£JlT\ flft L<fi&0. l%WTt*5o iftMf, a 
e^i^ab^ I a e -a b l/a b xi00^0. 3 %<9M^£?i I, «f 
iL<ii I a e -a b l/a b xi00=£0. 1 %<nm&*mtz-t 0 tfz, ^ 
'^7 7 7lHBT^, =r l^? ?m^tt1rh'<-xm<Vfe : ¥-^&&m (%) 
(BP*>, I a c -a b I / a c x 1 0 0 ) 0 . 3 %&T\ L < fi&J 0 . 
l%am^o ^Wi"tL(i\ abJ3^a c ^ I a b - a c I / a c X 1 0 
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0^0. 3 U HPS L<tt I a b -a c |/a c X100^0. 

i %<Dm$k*mtz-fo 

[0 0 3 0] 

(%) (fip*,, | a c - a b I / a b X 1 0 0 ) 0 . 3 %&T\ «fi 
L<(±*>0. 1%&T-C*>Z 0 mn-rtU*. a c &£Zfz h t^ | ac _ ab | 
/a b Xl00^0. 3%<7>M(*£?g*:U «fi L < Ji I a c - a b I / a b X 
10 0^0. 1%*>BM&«: 3l/^7 7 7lHBT^ 

y^*Uit-f*^-^»0«^fiP^ (%) (gp^ |a 5 -a e |/a e X 

100)^0. 3%ttr, «F4L<«»o. i%jaT-e** 0 &wl-*ui\ a 

b^^e^ I a b - a e I / a e X 1 0 0 ^ 0 . 3 %©H«*«fc U «f 
H<li| a b -a e |/a e xi00^0. 1 %OH«*^to 
[0 0 3 1 ] 

^f&W3g^£&0. 3%WT\ L<(±0. l%yiTtt^;t(:J;oT 

e V Jil± co ©ttftjt ^^-m«HBT rt^Si £*i£o dcoj^&HBTtJ 

±Of^ffr £ W-T * ffi fa Mt^O H B T riqtft $ ft <?> 0 
[0 0 3 2] 

SE^oa^l&O. 3%Jar-C*0, J:9*f*L<li*j0. 1%&T£3*i.* 
o 3H^777lHBT«, ^-*Jf izift & =» V- * ^M^^Tf 

[0 0 3 3] 
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x. fz m m iz a v * x > /h $ v Hit? * * (J £~± § * ?£13H k j. * ^ *~ - *> 5 i# n z> tz $> 
&<t, ±ie<7)i§^s^(iv^-rn^, anwmio. oi%~o. 3%j>mt 

L<, 0. 01%-0. 1 %# ? <fc L^o 
[0 0 3 4] 

oTWmio Ztlbmntmt LT3 7C?l H B H c0fb^#*f*^ffl^T 

ft-ffx <7>ffi.mit^ZM£.mffl1-2> z\ t iz «t o t\ ii^B K & $ ftf#* -c 

[0 0 3 5] 

$»HBTIi, Mx.(ilII-V^5/caiI-VI^<7)HBTT'*>0W^o III 
-VlHBTCfi, In, G a i3 <t ZfA l < £ i> 1 

> P, As, S b£J:O f N&i:*<7)4>& < t & lM^VSeTC^t^^-tf^S^ffl 
V^tl^o InGaP/GaAs^fnl^ InP/InGaAsA 

Tvm&tet'ZmmLfzIII-VmHBT'C&lon&o II-VI&HBTKH, Z 

n ta t<7)'j?% < ti> i m<oum7tm ^ s e & ¥(D>pt£ <ti>i &wim7cm t 

Z^ts-ttm-mtim^^bti&o #0;L(£\ Z n/S e^T-n^^flJffiL^II-VI^ 
[0 0 3 6] 

ft, ^M^Iff^SP^ioV^T^l'btLTV^ J; -9 tC, H B T H&v^T, 
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10 0 3 7] 

i/c, «0^<7)HBT(i, n p nlfci^p n pS^^f tit^oT^ l v^ a 
[0 0 3 8] 

mamn i ) 

*^Sfc^Sgf±, 5 y 9 T y y°M<D InGaP/GaAs H B J: tr-g-O 
HMCit^o Ell (a) - (c) (±, *Wi<?)HBTl 0 0<7)S^ 
?** , »® ^IfiJ fc^tr LxmWir2> ism"?** o 
[0 0 3 9] 

Ell (c) tc^l-J:^, *Ilii<7)HBT10 0ii, 1110 1 (^*ft» 
14G a A s^K, J?£#j6 0 0 M m) <D±K, a'7 7t110 2 (i-GaAs 
1, J¥£&J2 5 0 nm) . Wl/^^S 10 3 (n-GaAsl, Si K-fcf 
Si aftJS *?J5 X 1 0 1 8 cm-3, $ »5 0 0 nm) , 3 ? ?Jf 
1 0 4 (n-GaAsl, S i K-Vf>^\ S i jftjg 15)2X1 0 1 6 cm -3 
, S7 0 0 nm) , ^-XJf 10 5 (p-GaAsi, C K-fcf>^\ C 

ifcj&l±f£&1-* i 9 i:SRt4, J?$ |5)8 0nm) , i^^il0 6 (n- 
InyGaj-yPI (y lt&&-f2> X KMIRirZ,) , S i F-f^\ K — 

> h iftjg l5)5X10l7cm-3, f$ £j 2 5 n m) , 3>^^H10 
7 (n-GaAs®, S i K-t'>^ K-^>MJS5X1 0 1 7 cm -3, 
H$50nm) x /U>ff^K|10 8 (n- I n x G a j - x A si ( x = 
0 — 0. 5. »S^|nitc^^tca^«:^'ffc$-er-&) , S i K-fcf>?\ h'-'<> 
h iftJK feixi0l9cm _ 3, J? £ ^ 5 0 n m) , is «t LK^F- ^ •;/ 7°J1 1 0 
9 (n-In z Ga i- z Asi (z = 0. 5) . Si K-/*> h 

aiJK & i x i o 1 9 c m - 3 , $ & 5 o n m) &m>kmm £ tifzmmzm 

-tho :whbt l 0 OKfc^T, mi (c) i:^ti^c, ^ *m^i l 
0 (WN/P t/T i/P t/Aui/;l±WS i /P t /T i /P t/Au, 

|i)3 0 0 nra) ^f;7| 1 0 9W±t:, ^-XSfl 1 1 (Pt/ 
Ti/Pt/Au, ^2 0 0 nm) ^ -x ^ ^110 6 OJlH. 3 P 



tBt£#2 003-3083835 
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^^Ifel 1 2 (AuGe/Ni/Au, Ml? S2 15nm) ^t7^ 
[0 0 4 0] 

mT\ J: o ^HB T 1 0 0 HW^M^t^o if, Ell (a) 
£#JS LT, ^ 1 0 1 <£>±H, a'7 77|102« t73l/^ ^H03, n 
?m 1 0 4, ^-Xi 105, 3>??M107, ^* 

U>f t** y Kg 1 0 8j3«fcOMrir y "7°^ 109*. 0lx.lfMOCVD^ MB E 
m& X ZFC B Eft^^ffl^Ti k°^yt £ 0 ISMit^o 

[0 0 4 1 ] 

(iTEG ( h 'Jxf^^'J ^A) £AsH 3 (7^y» InGaPfOt 
^CliTEG, TMIn ( h 'J^f ;H >y-7A) HXZ/PUs ( 7 * * 7 * > 
) 4-, InGaAsl^CliTEG, TMIn, AsH 3 ^WW 
XCffl^tMt^Ci:^'e§l)o ft, A s H 3 <Dfrt><0 CTB A (^-v-v'j 
- • -7^;i/ • y * >r » ^fflv^tUvv iDit, *IIIii:^v^pS 
K-/*> h t LTC£ K- 1: >^*LTV^7&\ C K- £*£-KI± 
, 0Ux.(i\ TMG (F'Mf^^'J^A) ^K-(i>nffitLtfflv^ot^ 

tv^d*, S i K--7°)l^^J55ci-^>^^H(i, #!]xJ£S iH 4 (^/y7» 33 
i^'/ltiiS i 2 H 6 K- \£y^Unt Ltfflv^C fcjft* 

tlio SiWffili:, WilfSn, Sef/;liTe^^nl<OKwO 

htLTK-tV^LTU<, -<7)i#-^^(i, TESn (MJxf)WX) , 
DESe (yx^;v-tl/>) , DETe (yxf^f^;k) & ^^ft-m K- 
k: y tzm^ZZt £ Z> o J!^# # x 23 X If K - kf > ^"T £ \z \t K - 

fcr y rwft<nmAit& h jfcx t: * * v * oj±^i3 x vm.mm±. 

mmmzB c xm±mm-r zzt &x &x^ 0 

[0 0 4 2] 
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^-v: 15/ 



'^IITIIl^^^'JTll 10a (WNUfcliWS i J?£ 1 0 
Onm) ? 'J >^HJ: ftZf&ir & 0 ^ LT, 7* H/yXl>77^ (H 

TF-tt-f) S:^'J7il 1 Oa^)±{:ML, R I E^W K7^x yf >^*i:J; 

^'■J7il 1 0 a^i7f >^*L, il (a) tc^-T X n ffi 1 m xf $ 2 
0//m^i?IM>J 71110a £j&^1-£ 0 ffl^/:7t h l^vX Kx^li 

[0 0 4 3] 

#CK, Ell (b) «r#HS.LT, ±|SO «t o CJ&tf*£ *lfc/*'J 7f 1 10a^7 
7^9 b LT> 3=- -v-y yii 1 0 9 , ^*l/-f 7 Ki 1 0 8 is J; [/n > ? ^ M 1 

0 7^7X7 hxyf-y^ci 0Bfc*U v 9 t^tt^m-tho 

[0 0 4 4] 

V7s\-?7,>7 HML, Pt, Ti, P t iJJU^A u^rlfCJ: «9 

ftK«fc 0) , EI 1 (b) KTji-fX n 711 10 a O^IBfc .fctfi^ y * 

1 1 0 6 <7)p^<7)flJt±U, ?nM±MM 1 1 0 biJiCf-^-^Wftl 1 
1 (Pt/Ti/Pt/Au, ^rft&J¥£ £j5 0nm) * Z ti-etifflm^ 
$L-t2> 0 ^Olgm. /*';7JB -y ^KHr^S) 1 10aU^7^1|± 

ffiv iiob ttmmztLx^ v 9mm 1 1 o ^is^i-^ 0 

[0 0 4 5] 

il (c) fc#!&Lt\ x^ y ^tli l Ofci^-^fil 1 1 £ 

H 1 0 5 fccfc Z/rrl/^ ^110 4 ^t73k^ ^110 3 ^gUJt&it^i-y 
Fx7f>7'CJ: <9Gfc*U ^-X^t^Mtl>o fflv^7* h l/y7 h77 

[0 0 4 6] 

-C-LT, |sj £ < V "7 h t7)Si:j; x HI (c) Jc^i"J:-9tc, t7nu^^ 
il 1 0 3«Wtlt±i:, xr ^SIl 12 (A u G e/N i / A u , 
-€**U¥3 IHOOnra, I!jl5 nmJJJ:^ 1 0 0 nm) £J£j&1-£ 0 fit 
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^-vl 16/ 



Sill (D&MtlWkfr n 0 ^tiCJ: (9 , rrv^ 1 1 2 <h-^^r/ 1/^ ? 

m 1 0 3 ^co*- ^ y ?^)$^i£f££ti& fc^tc, ^-^m® 1 1 1 (D^mtm 

'^1106 £^#i£tt"C, ^-^111 1 1 fc^-XH 1 0 5 <b<7>^- 
5 y ^ $*L* 0 
[0 0 4 7] 

% t7'3V^ ^1 1 0 3 7^ib/*-y 77ll 02 /9 ? fiai1-£ i h^y^~> 
[0 0 4 8] 

.LtUIJ: «K El 1 (c) i:^t$HMiOHBT 1 0 OrfftmZti&o 
[0 0 4 9] 

:^)HBT1 0 0 Ki3V»T\ ^-*JB 1 0 5 p — G a A sSK-fctt* C 

Sftft (K-/n°> hjftjg) , fcitfi* ^|10 6-C£>£n- I n y G a 1 - y 
P« <7)7& H B H ity (i, 3 1/^^1104 Ot&T-^a c , ^-X/i 1 0 5 <7)f&^ 
lab, fci^'x^-^ii 0 6 Ote^tfc a e ^ a c > a b > a e OKi&i 
^{ia c <a b <a e <7>m&Zffi tzir X *> izMWfcmiR't& - t^l &o 
[0 0 5 0] 

*tiiit:i3^T[i, ^ 1 H^i-J: -9 nl/^^fl 04 G a A s 

®<7) a c — ^<DT\ ^-Xf 10 5 p - G a A sl^OC K-7°MS£ 4 

X10 1 9cm-3|/:mxio20 cm -3ata b <7>1fi&M:$-i*\ 
o, x^^il06 T*£>& n-In y Gai-y PS^HJIJt y * 0 . 44- 
0. 5 2 OiEB-eggfl: J: *) a e^f^ff^^t, fi^OHBT* 

&Z>o ft, ^1*K 3U^^®K*ti-*^-^Jg<0^T-^^ (IP*,, I ab 
-a c l/a c xi00 (%)) ^-^gU*t-f*i< y tM^^^^- 
(BP*>, I a e -a b l/abX100 (%)) Z*tL*rtLa b&£V*a e <D 
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( ) rtu#fB"T4 mroi2 ^iwitt-e^^) 

[0 0 5 1 ] 



No. 


=2 ^ ^jf 
G a A s 


*m 

G a A s 


^$ y«m 

I n y Ga 1 _ y P 


E a 
(eV) 


a C (A) 


C«jS(cm- 5 ) 


a b (A) 


y 


a e (A) 


1 


o.bo4 


4 • 10 19 


5.650 (0.07%) 


0.44 


5.635 (0.27%) 


2.2 


2 


5.654 


4 >: 10 19 


5.650 (0.07%) 


0.46 


5.645 (0.09%) 


3.2 


r> 

O 


5.654 


4X 10 19 


5.650 (0.07%) 


0.49 


5.654 (0.07%) 


1.1 


4 


5.654 


4X 10 19 


5.650 (0.07%) 


0.52 


5.670 (0.35%) 


0.9 


5 


5.654 


1 x 10 20 


5.648 (0.11%) 


0.44 


5.635 (0.23%) 


2.0 


6 


5.654 


1 x 10 20 


5.648 (0.11%) 


0.46 


5.644 (0.07%) 


3.0 


7 


5.654 


1 x 10 20 


5.648 (0.11%) 


0.49 


5.654 (0.11%) 


0.7 



[0 0 5 2] 

(p pm) J {±, 7 > K-T°<7)G a A sfWtta 0 <^ C £ K- tf 
^Up-Ga AslOMta 1 fc*rffiv>*Uf, (a 1 - a 0 ) /a 0 X 
1 0 6 LT-^i.^»ti^>o H3^«i>*>^* i 0 ^-Xi«^ia b (i, 
Il(^)t>^No. l-4Tli5. 6 5 0 A (G a A sifCill ^4X1 
0 19 cra"3) , f>^;l/No. 5 - 7t'li5. 648A (GaAsitCI 
m mi x 1 0 2 0 cm-3) <h&£ 0 

[0 0 5 3] 

y ^-rr Ix? ?fia<7>mi± Vce = 3. 0V, i3<ttfm^^Jg J 
c=100kA/cm2j:U ^Ji^K (Ov>T (iS^iSS) >-?tL 

mtE# 2003-3083835 
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xm^mt^^x, -e-tL-^n^iajgnistt^MTTF (ScPst-eo¥^M) * 

«J5£Lfc 0 HBTOtiO|Jti:o^tli, WStPtftm h f e **tD»3tt^ 8 0 
%&Tfcfcofcl$t::afcl*fc*$: U i»Hfl#J^<b Z<7)Wt tO^^MT T F £ 
Lfz 0 

[0 0 5 4] 

t#^tL7^^^TP^^^7°n -y h LTf#fc#HBTCov>T<aia*§iijj&£ N 
[12 (a) &cfcO (b) H^i" 0 HI 2 (a) Ji, t>7>No. 1-4 (G a A 
s^-xm^Cmm f-)4X10l9cm-3(7)^) (:ov>t^ilSf 
-t^CDX&TO, t>^VNo. 1 t^^No. 2 ^ti/^lT 

> t>7>No. 3 £ 2 ^J1^T% t>^No. 4 £ *^T*^i"o £ fc> 11 2 
(b) (i, t>7>No. 5-7 (GaAs^-XiffCif «5j 1 X 1 0 2 0 
cm-3«) tlo^tOMMi^^L, t>7>No. 5 £*fflv^Ht\ 

t>^No. 6 £±v^^t\ t>7^No. 7 £ 2 ^JlH-e^i-o £ fc, c: 

[0 0 5 5] 

^ 1 K*5V*T\ -*J->7°;VN o. l-7©HBTOH> f>7°;l/No. 1, 2 
, 5i3i^6^)HBTt:j3V^a c >a b>a e ffi tz Z ftX &*) , Zti 

hi**%-m<DmmMizmmi-&o :itcwu, t>7>No. 3, 4 £^07 

(iJt^iJ-e^>^> 0 

[0 0 5 6] 

mifrh, a c >a b >a e <7)mi%Zffitzirt£ (t>^No. K 2, 5 
£>J:06 0Jt£-) i:E a&£ *)jt£^*Z\ ttffrfr& 0 a c >ab>a e »MM 
9*fc LT^T^ a e ^a b KJt^T/hS < £ 0 1" t E a < 
ti s &bin& (t>7°^No. 1 t 2 &J:<75 6 ^-en-?Mt<7)C t) ^(O 

t# (t>7°;VNo. 1, 2, 5 is £0*6 2. 0 e Viik±<DE a £ 

'&&Z\t-t> s £, i&MMX<nmfir (MTTF) WJ:t«?tlt 0 #13, 
t>7*^No. 2 lS±X}*6<Dm&, 3. 0 e VJ^JLLOE a j&*f£f>*irt: ^ £: t^£>, 



tbffiE# 2003-3083835 
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[0 0 5 7] 

tfz, a e ^H^IWf £T\ a b^li^H* o. 1 £ 5 £ «fc 2 t 
&**ti*?*ii}cM1rZ>£. a b^ ? a c UJ: (BP*>, t>^No. 1 

[0 0 5 8] 

t>^No. 2£ctO f 6<7)HBTH43V>T(i3. 0 e VJ^±<7)^:§ &?£1*Mt: 
x.^)is3?-E atmbtlfzo ZtihHB T<7)i^fiHT j = 2 3 Ott^MTT 
Ftt-tJiWiBjl 5 O^Bff^^J:^ 1 3 0 7?B#P^ (IH^r-f) X*3b^tz 0 SE£n 
OHBTOHtiilv^ftfbi^^^-^tt'&HBT (c) <7>&£tSJ£T j 
= 2 3 Ot^MTTFIi^ 1 275m$X~4b*) (c) 

iffiLTi, $»i^MTTFIiC^ 1 0 2V$>vtz 0 it:. «1 

ti J: «9 1£v>g£*ia£-C*±, 0flx.(f, ^2 0 0 tiiTWi^zaff(iHB T ( c ) 
O 1 0 0 fJ^lOMT T F tH# £ *i£ £ t £ flfco 

[0 0 5 9] 

^Il^ii:fc^t{ix< 7^1 1 0 6©S?^2 5 nmi: L/:^\ d 
y ?m 1 0 6 <7>m2-t>*±£ < fc*Ko*L-C, fSttfti^^^-E a 75 s 
< t^$lj£ft&*:i6 > x> 7 ^io 6<Ol?££ 3 0 nm*ii:t 

[0 0 6 0] 

(iiil 2 ) 

*HMf^Ji, i ^ y ^ r y InP/InGaAs H B T& J: tf-g-o 

Hiifi^&UM-^^o H4 1i, $«i(7)HB T 4 0 0 Olttl&Wf® 13 
[0 0 6 1 ] 

HI 4 o {C, $IM1<7)HBT 4 0 0(1, msLA 0 1 (#*£*it£ I n 



mSE# 2003-3083835 
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P2&K, m2%)6 2 5 fi m) <7>±IC, t7'n 402 (n - I n W G a i 

- w Asl (w = 0 . 5 3) , Si K— fc? > :7\ Si iftJS ft 5 x 1 0 1 8 c m 
-3 % jW£ £j4 0 0 nm) , =rl^*g403 ( i - I n y G a i - y A si 

{yl±& : &-t2>&n\zm$Zth) % 7>K-£°>?\ J?$ i&3 0 0 nm) . ^ 
-^14 0 4 (p-In x Gai- x As| ( x (4^1" & «t ? \ZM^ *) , 
C K-kf>*\ CiftJt ^lxl0l9cm-3 ( 5$ ft5 0nm),x;5- 
^14 0 5 ( n — I n PS, S i K-fcf>^ S i WkBt ^ 3 X 1 0 1 7 cm - 
3, Jf£ ^25nm) , n>^^M4 0 6 ( n - I nPl, S i 
» S i met & 2 X 1 0 1 9 c m- 3 > J?£ ^2 0nm) , +^7/14 0 7 

(n-In z Gai_ z As| ( z = 0 . 53) , S i K— fc?>?\ Si jftjg 
&j3 X 1 0 1 9 cm- 3, IMOOnm) ^WI^S $ *t^:«j6*^r-r & 

o IWHBTIOOC^^T, E|4 H^1"4 -9 tC, y 0 8, ^-X 

m&4 0 9 £4^3 ?mU4 1 0 (^-fftfcT i/Pt/Au, *ti-?tiW. 
£ *!)5 0nm, 1^5 0 nmUi^l 0 0 nmi?)^:^)?? ft2 0 0 n 
m) ffJril^il*'? y 7*JB 4 0 7 , ^-^14 0 4^iD ? -t7'3U^ ^14 0 2 

[0 0 6 2] 

^i»HB T 4 0 0 14, mn%X'$>tili^ MMfm 1 i:t^Lf:HB 
T 1 0 0 (DYmUfc £ #fiS L T , f^Ki" £ C &X* litMlo 
[0 0 6 3] 

Clc7)HBT4 0 OtC£v>T. nU7^f4 0 3"C*>* I n y Ga i_ y Asi 
<7)U^mity ^<-^m 4 0 4 -Cab* In x Gai- x As <^ H B H Jt x (4, 3 U 
? 9MA 0 3W^Sa c > 4 0 4 Ot&T^ifc a b^ iSiC^S y * 

14 0 5 O^&T-^^C a e a c > a b > a e ^M^S £f4 a c <ab<a e ^> 
Mf£ * iSfc -r 4 9 tIBO Cl«t & C t § 4 o 
[0 0 6 4] 

*ll*fe^$.C'£5^T(4, ^2 lC^i"4 d jl< •;/ ^Jf 4 0 5T^-& I n PS 
O a e — ^*>T, ^-Xf 4 0 4 X*3bZ> I n x G a i - x A s 7lH.it x £ 0 
. 52££f40. 5 4 t LTa b ^fi^tt^^ aU??m4 0 3 
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^In y Gai- y Asl«ity*0. 4 8-0. 5 6 <7>$SB-«ft;$-£& 
- tlZX V) a c omtmtZitX, l^WHBT^SSSLJto 
[0 0 6 51 

[^2] 



No. 


=3 U' ^ S 
I n y Ga 1 _ y As 


--<— 

In x Ga 1 . x As 


I n P 


E a 
(eV) 


y 


a C (A) 


X 


a b (A) 


a e (A) 


8 


0.53 


5.869 


0.52 


5.863 (0.10%) 


5.8687 (0.10%) 


O.S 


9 


0.51 


5.858 


0.52 


5.863 (0.09%) 


5.S6S7 (0.10%) 


3.1 


10 


0.48 


5.847 


0.52 


5.863 (0.27%) 


5.S6S7 (0.10%) 


2.0 


11 


0.56 


5.882 


0.54 


5.S73 (0.15%) 


5.8687 (0.07%) 


2.1 


12 


0.55 


5.878 


0.54 


5.873 (0.09%) 


5.8687 (0.07%) 


3.2 


13 


0.53 


5.869 


0.54 


5.873 (0.07%) 


5.S6S7 (0.07%) 


0.9 



[0 0 6 6] 

115 (a) ioJ;?/ (b) tc^-To EI 5 (a) li, t>7^No. 8-10 
(I n x Ga i_ x As^-^l(7)?l B H H Jtx = 0. 5 2« ICov^TO^ 
if^t^Ot^i), t^^No. 8 £*fflv>|y|-C% -9->^N o. 9 £ic 
v»Hjfi|-C, t>7>No. 1 0 * 2 jftfflMft-C^'to 15 (b) ti. t>7>No 
. 11-13 (In x Gai- x A s JfOtiH.lt x = 0 . 5 4 Oif^-) H 

ov»TO^**:^L, t>^No. 1 1 Zffl^m$LX\ t>7>No. 1 
2 i±\,*n&-Cs t>7>No. 13*2M«^to -ft^itfjl^'b 
$*fc#H B TOffittfti^/l/^- E a ^I2i:^f 0 
[0 0 6 7] 

H2 C&^T, -9->-7°^N o . t>7*^No. 9 & 

XZfl OOHBTC^v^a c < a t>< a e OBB^j&*»fc £ tlXte *) , f fc % 
>7°^No. 1 l£=t27l 2«HBTCi3i/>ta c >a b>a e (DM&tfffitz 2 



tBIiEirf 2003-3083835 
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8 is x tfi 3iHtttmx*$>z 0 

[0 0 6 8] 

^2^«b, a c <ab<a e WMMfcti:i (t>7>No. 9 *3 «t t^" 1 
0W) ifclia c >ab>a e ^*»fctti (t>^No. 11*5 
i^l 2<7)^) CEa#J:^iv^t^^ 0 a c < a b < a e <0B8«* 
#t£ LTV>T&> a c ^a b HJfc^T/h£ < ^Ot^StE ari 5 >h£ < fr&Mffi] 
rt ? H,£>*l£ (f^Mo. 9 £ 1 0 SrJttROdfc) e £ a c >a b >a e 
<DM&£ffitzLX^Xi>, a c ^a b Hit-<T7C§ < &i)i-r&£E a**/hS < 

(t>/^No. 1 1 t 1 2 Zitm<DZt) o L^L&# ? <b 
, ±fSra^^riH^: Loo, jf i L < It ^ ?mi<zttir2>'<-xm<7)fett& 
0 . 3 %&T<n t # (t>7^No. 9 , 10. 1 1 £ «fc 1 2 <nm&) 
2. 0 e V&±.<DE a effiH-CO^ (MTTF) 

* t ^5£fS£ tifco t>7>No. 9 is X V* 1 2 <Oi&&K 3 . 0 e VJil 

. i%jy.T-e**fc#^, miz^^HBTmm&tmmznfzo 

[0 0 6 9] 

ttz, ^-xwtzn-t&sc-^ y ?m<7>&tt&&m~'D\,*xi>mmzmo. 3 

[0 0 7 0] 

nwjzmfczti-f, m*<?>&i&i> t %2ti&2>'c$>?>7o ^mcouBnt, a c 

>a b >a e <Dm&£fzlia c < a b < a e ^>M^*St^"^"RS «9 . ffi^coii^r)^ 
f#ii£*LT «fc < „ &M<DMW%#ftfrt>t&*)'&2>o 
[0 0 7 1 ] 

±tmMMMl isXZ/2Xli, S«±C3l/^^i, ^-xfioi^x^y^ 
/f^UKW/f £*t.-C, J-^ y ^@75 ? 3 p ^ 9MisX Xf^—TtM X «5 t3MRtc*tL 
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mmztix, n V9 tmrfj-s. y 9m&*.zf'<-xm£ ^ i>mmzftLx±®\^ 

i±LW1rZ>, n U9 9 b y 7°m<DHBTlZ-$:5£mZmmLXi> z^m-k, ^ 

0. 1 %J^T<h £ti& 0 
[0 0 7 2] 

^ fc, IMmWttm 1 & J: 2 i ^ y ^/fco^t; 7 Kvs> K^> - 7 -/ 

ISB#rt s a c > a b > a e ^Hi&t fc(± a c <ab<a e <7)M^^if fei" =t -? &Cjg 
[0 0 7 3] 

i^k liilltli, A^7 7i, ^YzruV9 9m, u^9 9Ym, 

i y rm&xzr*^ y y'mzmf, ttz, liii^tiit^i/^ 9m, ^> 
99 bm&xzr*-? y y'mzmffztf, zfihit^m^m^-rh^^mx 

[0 0 7 4] 

#^M:iif£« <t ^iiXfl^^lH^M-r ^> - <b & < > Mm Htt<7)H B T Srtft 
#fc-f£>l<b^-e£& 0 J: 19^6^; a c , a b^i^a e 60M^^MHil 
1R-fZ>ZtiZ± J: <9^:§^^14^^^^-^^-A^HBT^ia$tL^o 
CtUCjil'K HBT^ ( <£ *9 f^lffl iZ (iMT T F ) ZVt^zCD H B T HJt^TM 

[m®ofipi£m^] 

[mi] ^f&Bjo i ^<DmMftmi<zs3rtz>HBT<7)m7&jjm£, mm^fa 
%^isffl.n>mm*^Lxmm-f z>jLmmx$>z> o 

[H2] HI2 (a) &XZf (b) (i. *%W<D 1 -D(DnMMmt<z£>lf Z>y- 

&mm 2 003-3083835 
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^-y : 



o 

[0 5] 0 5 (a) Sitf (b) t±, ^%W(Dl'D<Dmmzm^istfZ>-y- 

yy'^No. 8-1 0£J;t/l 1 - 1 3 ohb T^Iov>T^«$Itml£<7)££ll:£- 
^n^*uK1-|I]-e&;5o 

[El 6 ] M*<7) 1 o<7)#ijU;fcUt& H B TO^EH&SlfMglT^^o 
100, 400 HBT (Arnf^^^^^^c;^^) 

i ok 401 mm. 

10 2 "7 r/f 

1 0 3, 4 0 2 ?H 

1 0 4, 4 0 3 uV<7 *?m 

1 0 5, 4 0 4 A-xf 

106, 405 z-\v9m 

107, 406 m 
10 8 71/-ffV7 KS 

1 0 9, 4 0 7 +^77l 

110a 71 = - 7 ^IST^l) 

iiob jl^ y ^ mm±um 
110,408 y ? mm 

111, 409 ^<-xw.m 

112, 410 



£bfiE#2 003-3083835 
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mm 

[HI] 

(a) 
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